Background: This study explores the electricity access to rural and urban populations and its impact on the economic growth in Pakistan. Methods: An autoregressive distributed lag (ARDL) bounds testing approach was applied, and a co-integration test was used to investigate the dynamic causality relationships between the study variables. By using this testing approach, this study filled the literature gap regarding the access of rural and urban population to electricity in Pakistan.
Background
A region's energy supply is a key determinant of its economic development and social prosperity. With the rapid development of science and continuous innovations in technology, energy utilization is also constantly expanding. As a result, the energy demand has increased while resources have become strained from the burden [1] . Pakistan's electricity sector is made up of two vertically integrated public sector utilities: the Water and Power Development Authority and the Karachi Electric Supply Company. Approximately 16 independent power producers have provided significant contributions to power generation in Pakistan. In recent years, Pakistan's power generation has decreased by 50% due to its over-reliance on hydroelectric power. In 2008, Pakistan's electricity power supply was below the demand of the population, which was 15% [2] .
Pakistan's electricity generation sector is a mixed industry of hydropower, heat, and nuclear power plants. About 31% of its electricity is produced by hydroelectric systems, 66.8% comes from thermal systems, and the remaining 2.2% is generated from nuclear power. The country imported 29.4% of its natural gas, 37.8% of its oil, 29.4% of its hydropower, and 0.26% of its natural gas to meet its energy needs. Contributions of coal and nuclear energy to its energy supply are currently limited to 0.1% and 3.02%, respectively [3, 4] . Unless every country is now experiencing this same sporadic crisis that is combined with growing energy consumption and environmental costs, all governments around the world are forced to further focus on monitoring and managing their energy markets [5] .
Pakistan's population has grown from 79.98 million in 1980 to 276.17 million in 2012. The country's growing population, industrialization, and increasing average household income have contributed to the growth of electricity demand [6] [7] [8] [9] . It is worth noting that domestic sectors use electricity most heavily, at an average annual rate of 15.1%. As a result, the general population suffers the most when a serious electricity shortage occurs in Pakistan. Electricity consumption in the commercial sector increased by an average of 11.1% annually, and in 2014, Pakistan's population increased at a rate of 2% annually [10] . On the electricity supply side, compared to the demand rate of about 10% per annum, the power generation only increased at an average annual rate of 6%. As a result, the cumulative effect of the electricity supply-and-demand gap has adversely affected Pakistan's economy. In 2014, the power shortage reached 5000 MW [11] .
The agricultural sectors of developing countries in the South Asian region play an important role in their economies [12, 13] . In developing countries such as Pakistan, the majority of the rural population is not connected to the electrical grid. In addition, power grids in rural areas, especially during the summer months, experience power shortages for up to 18 h per day. Off-grid generation via indigenous resources might help to reduce such power shortages and provide electricity to rural areas that lack access to the national grid [14, 15] . These power shortages have caused enormous damage to Pakistan's economy and created binding and forceful restrictions to the country's growth. They limit the growth of gross domestic product (GDP) and have a very serious negative impact on employment, international competitiveness, exports, and poverty reduction. For ordinary citizens, the heavy load reduction has caused serious damage to their daily lives. For the industrial, commercial, and agricultural sectors, the cost of electricity shortages is enormous, and Pakistan's overall economy has been greatly weakened. For example, more than half of its textile exports and about 40% of its manufacturing jobs, including small businesses, have also been affected [16] [17] [18] . Energy in the form of electricity production plays a vital role in the overall growth of a country and in other industries. A sustainable means of electricity production can improve a country's economy, quality of life, and social well-being. At this stage, the role of policymakers is not only to assess and review current strategies to reduce the gap between electricity supply and demand, but also to develop future strategies to ensure affordable electricity that is effectively distributed to contribute to a sustainable development in the country [19] [20] [21] [22] [23] .
Natural gas, oil, coal, biomass, hydropower, wind, and solar energy are basic foundations for local and industrial usage of energy. It is found that Pakistan's wind power potential is much higher than that of solar power generation, regardless of a high potential for solar power concentration. In addition, the best wind and solar power combination shows that 95% of wind power and 5% of solar power generation result in the lowest power shortage. The climatic conditions and geographic location of the country do provide a high solar energy potential, which means that solar energy resource assessments are needed for the planning of solar energy projects [24] [25] [26] . Solar energy might be an alternative means of producing electricity, but the country lacks modern solar technology. Likewise, it is important to initiate and direct the efficient usage of energy producing sources, their extraction, infrastructure, and development. The government of Pakistan may launch microfinance schemes to support the production of electricity from solar and bioenergy sources, and top priority should now be given to an urgently needed adequate, reliable, and affordable electricity supply. Also, necessary policies should pursue an increase of indigenous electricity production from gas and other reliable sources to meet the country's growing energy needs.
The major aim of this study was to explore the access of rural and urban populations to electricity and its influence on the economic growth in Pakistan. An augmented Dickey-Fuller unit root test was used to investigate the stationarity of the variables, whereas an autoregressive distributed lag (ARDL) bounds testing approach to co-integration was employed to check the association among the study variables using long-run and short-run relationships.
Aside from the background section, the rest of the article is organized as follows: The section "The current electricity situation in Pakistan" provides the current electricity situation in Pakistan; the "Materials and methods" section describes the data sources and empirical model specification. The "Empirical estimation strategy" section specifies the unit root test for the stationarity of the variables and the co-integration with the auto regressive distributed lag (ARDL) Model. The "Results and discussion" section presents the results of the unit root test, the co-integration test, the long-run relations, the short-run relations, and the structural stability test. Finally, the "Conclusion and policy implication" section provides the policy recommendations in terms of electricity production from different alternatives as well as the short-term and long-term policies.
The current electricity situation in Pakistan
Pakistan's power sector is facing its worst crisis to date. It supports an overloaded infrastructure and is under capacity, which makes it vulnerable to unprecedented load shedding, excessive loss of transmission and distribution, and a large amount of revolving debt. According to Pakistan's Electric Power Company data, in April 2011, the country generated more than 5000 MW of electricity, but the country's demand stood at 14,475 MW, leaving a shortage of 9475 MW. Some rural areas experienced load shedding and blackouts for up to 20 h per day, while load shedding in the city areas increased to 14 h per day. In May 2012, the shortage increased to 6000 MW, at an estimated demand of 15,000 MW, whereas the supply amounted to only 9000 MW [27, 28] . Under the current policy, the supply gap is expected to continue as it is estimated that starting from 2017, electricity shortages will increase to 8000 MW, hitting 13,000 MW in 2020 [29] .
Pakistan's electricity demand is partly driven by factors such as population growth, economic expansion, electricity prices, people's movement in cities, and the weather. However, the problems that are specific to Pakistan and the crisis that has caused its electricity shortage are due to theft and overuse of electricity in domestic and industrial sectors, resulting in a huge loss of power lines, low institutional capacity, corruption, mismanagement, and political controversy in mega-power projects [30] . Policymakers should be fully aware of future electricity use projections so that they can take appropriate steps to close the gap. Various studies have been conducted focusing on the needs of Pakistan's electricity sector [31, 32] , electricity sources, and their residential consumption [33, 34] .
Electricity infrastructure planning and the growing demand in electricity and GDP are interrelated, especially in developing countries such as Pakistan. Pakistan has a one-way causal link between economic activity and electricity use, which points to an increase in electricity demand and to a higher economic growth [35] . Hence, the demand for electricity has unexpectedly increased due to a steady 6% growth in GDP from 2002 to 2007; however, without proper infrastructure planning in the power sector, the country has faced severe power outages, resulting in a 2.5% loss of GDP, 53.5 million industrial workers out of work, and export losses worth $1.3 billion in 2010 [36] . The per capita electricity consumption in Pakistan increased from 457 to 640 kWh, which amounts to about one fourth of the world average [37] . The installed capacity of electricity increased to 25.1 million megawatts (MW) in 2017 and from 22.9 million megawatts (MW) during the corresponding period last year; however, generation declined from 101,970 GW/h in 2016 to 85,206 GW/h in 2017. A slowdown in the share of hydropower in electricity generation caused a decline of 34% during the corresponding period of 2017. This mainly occurred due to less flow of water in rivers and difficult weather conditions [38] .
The barriers to rural electrification are economic, legal, fiscal, and institutional ones [39] . Having appropriate authorities is also a condition for innovation in electrical access as well as for public-private partnerships. In addition, they are crucial to raising the funds that are necessary to extend power access [40, 41] . It is worth noting that an appropriate institutional and policy design is often obstructed by vested interests. Therefore, successful countries often employ bottom-up approaches that involve local citizens in their electrification plans [42] [43] [44] [45] .
The future direction of energy policy is based on wide-ranging economic parameters as well as environmental and political factors that determine which technologies should be deployed to meet future energy needs. Pakistan's electricity sector is facing its worst financial crisis ever in terms of its energy dynamics. Its electricity sector has tragically failed due to substandard maintenance of power plants, erroneous predictions that led to downsizing of employees, misuse of electricity subsidies, and mixed energy, resulting in a shortage of 7000 MW [46] . According to the Special Parliamentary Committee which handled the energy crisis of 2011, an accumulated circulating debt worth $6.6 billion was calculated [47] . In the short term, two key issues are being resolved on a fast track. One problem is the inefficient recovery system, and the other is transmission and distribution losses. The Ministry of Water and Power has shown significant improvement of both issues. During 2016, the recovery ratio amounted to 94.40 as compared to the past 10 years while the distribution and transmission losses declined to 16.3% during the aforementioned period [48] . Policymakers should therefore be fully aware of future electricity use so that appropriate measures can be taken to bridge this gap. In Pakistan, various studies have been conducted on sectorial level electricity needs [31, 49, 50] .
Electricity access among rural and urban populations and economic growth from 1990 to 2014 are illustrated in Figs. 1, 2, 3 , and 4.
Materials and methods

Data sources
This study explores the access of electricity to the rural and urban population and its impact to the economic growth in Pakistan over a period from 1991 to 2014. Time series data were collected from an economic survey of Pakistan and World Development Indicators (WDI). The variables used in this study are gross domestic product (annual %), electricity access to the rural 
population (% of total), and electricity access to the urban population (% of total), respectively.
Empirical model specification
In order to explore and examine the long-run and short-run analysis and the linkage between electricity access to the rural and urban population and its impact to economic growth in Pakistan, this study employed a multivariate regression model specified as:
By using a natural logarithm to Eq. 1, a log-linear model is as follows:
Whereas lnGDP t indicates the natural logarithm of gross domestic product (GDP), lnEATRP t indicates the natural logarithm of the access of the rural population to electricity, lnEATUP t represents the natural logarithm of the access of the urban population to electricity, t denotes the time dimension, and ε t denotes the error term. Equation 2 represents the log-linear form of the variables. The coefficients of the model β 1 to β 2 represent the elasticity of the long-run.
Empirical estimation strategy Unit root test for stationarity
Despite the fact that the auto regressive distributed lag (ARDL) model requires no pre-testing for checking the unit root test for the stationarity of the variables, augmented Dickey-Fuller (ADF) [51] unit root tests, including trend and intercept, were used to determine that none of the variables considered were integrated to order 2. As an ARDL bounds testing approach is invalidated in cases where I(2) variables are used, an ADF unit root test was performed using Eq. 3.
where M indicates the variables being tested for the unit root, T represents a linear trend, Δ indicates the first difference, t shows the time, μ t is the error term, and m represents how to achieve white noise residuals.
Co-integration with the auto regressive distributed lag model
To check the long-run and short-run relationship between the dependent and independent variables, this empirical study used an ARDL bounds testing approach which was developed by Pesaran and Shin [52] and which was further extended by Pesaran et al. [53] and Narayan [54] . The co-integration testing approach is applicable regardless of the order of integration with the concerned variables, I(0) and or I(1), except for the presence of I(2). The long-run and short-run relationship examined the ARDL Fig. 2 Access of the urban population to electricity 
Results and discussions
Results of unit root test
A unit root test was performed solely with the augmented Dickey-Fuller (ADF) test by considering the levels of the variables, first with an intercept and with both intercept and trend and subsequently the test was extended to include the first difference of the variables that were not stationary as could be seen in the Table 1 . The unit root test indicates that no variable was integrated with an order of I (2) and that the ARDL model applied.
Results of the co-integration test
A co-integration test was used when an F or W statistic was applied to the upper bound of the selected significant level. It is worth noting that the "F" test assumes that there is no co-integration null hypothesis between the variables. The various statistics are reported in Table 2 .
The bounds tests shown in the table pointed to the existence of a co-integration relationship between economic growth and all independent variables at 1%, 5%, and 10%.
Results of the long-run relations
The results of the long-run relations are presented in Table 3 .
In the model that focused on the elasticity of the variables, the results revealed that electricity access to the rural population has a coefficient of 0.338627, which is positive and significant with a p value of 0.0195. This means that a 1% increase in the access of electricity to the rural population with its explanatory power of 0.338 also points to increases in economic growth of 0.338%. The coefficient of the access of the urban population to electricity also has a positive impact on economic growth with a coefficient of 0.638461 and a p value of 0.0133, respectively. Various aspects of Pakistan's power sector have been considered, such as the gap between supply and demand, energy supply reduction, energy security, and increased energy costs. Furthermore, the energy status and potential of renewable energy have been discussed as a sustainable alternative. The model also discusses the role of different sectors of renewable energy technologies in promotion and development [50, 55] . A total of 20 sustainability indicators were evaluated, including the life cycle of the seven power sources currently in use. The rankings of these sources also weigh the sustainability aspects and their respective indicators. Hydropower is considered to be the most sustainable option with a minimal environmental and economic impact. Because it causes the most significant economic and social impact, oil is considered the least sustainable option for the country [56, 57] .
Results of short-run relations
The existence of a cointegration relationship among the variables requires an error correction model (ECM) to capture the short-run dynamics of the system and its coefficient, which measures the speed of adjustment to obtain equilibrium in the event of shocks to the system. Table 4 depicts the results of the short-run dynamic growth equation. The short-run dynamics of the model were estimated using an R-squared value of approximately 39%, meaning that approximately 39% of the variation in agricultural growth was explained by the independent variables in the model. The F-statistics confirmed the joint significance of all of the independent variables at the 1% significance level. The DW statistics was 1.662, which was not equal to the standard DW value for the proof of absence of any autocorrelation; however, it was great enough to debunk the presence of any autocorrelation in the model. The short-run relationship indicated that the coefficient of electricity access to the rural population had a significant effect on agricultural growth. Likewise, the coefficients of access of electricity to the urban population had a significant effect on agricultural growth. The establishment of new lines and substations alone will not allow us to achieve the goal of overcoming energy shortages. As a result, a major shift in the power infrastructure will take time to meet the growing power demands. Converting the current power management system into an intelligent autonomous system is meant to achieve an increase in the amount of renewable energy generated. The main reason for the increase in the supply and demand gap is an increase in electricity demand, on the one side, and energy resources and financial constraints, on the other. Therefore, the government has implemented various initiatives, including a partial reorganization of the power sector in accordance with the guidance of international finance institutions [21, 58] .
The results of the diagnostic and stability tests are presented in Table 5 . Table 5 depicts the results of the diagnostic and stability tests, including the Breusch-Godfrey serial correlation LM test, the J-B normality test, and the heteroskedasticity test with p values of 0.2211, 0.658535, and 0.5349, respectively. The normality test is also presented in Fig. 5 .
The structural stability test
In the stability tests, a CUSUM and a CUSUM square point were introduced to increase the stability of the long-run and short-run parameters. The graphs of both the CUSUM test and CUSUM square test are mentioned in Figs. 6 and 7 which also specifies that all values lie within the critical boundaries at a significance level of 5%. This allows us to confirm the long-run and short-run parameters' stability over the period of 1991-2014.
Conclusions and policy implications
Pakistan's electricity sector continues to face challenges in addition to its current energy crisis due to inconsistent energy production. This study investigated the access of both rural and urban populations to electricity as well as the impact of this access on Pakistan's economic growth. The ARDL bounds testing approach and a co-integration test were used to examine the dynamic causality relationship between the dependent and independent variables. The long-run relationship between the variables revealed that the access of rural and urban populations to electricity had a positive relationship with economic growth. Our study results suggest that the government of Pakistan has enhanced policies regarding electricity production from different sources including production from natural gas, the solar system, hydroelectric sources, nuclear sources, and wind power generators to fulfill the national demand. Pakistan can produce cheap electricity from natural gas which is one of the most dominant sources of energy, as is oil.
To meet the increasing electricity demand of both rural and urban populations, the government should enhance their energy policies and increase financial support to boost electricity production. Pakistan has rich natural gas production and should explore this advantage. Natural gas is a viable and low-cost alternative for producing electricity. Recently, Pakistan is facing a water crisis, so that electricity production from hydropower cannot fulfill the demands. Likewise, the government should implement short-term and long-term energy policies to face Pakistan's energy crisis. The government needs to concentrate on a better utilization of resources and pay attention to the discourse regarding debt circulation and issuance immediately, in order to restructure the revenue collection system and enhance rational energy production payments to the companies. This would create an easy way for power generation companies to attain funds and produce cheap electricity. The government should also build new dams and transfer thermal energy sources to other reliable sources with the aim to produce more electricity. As for a long-term energy production policy, the government should invest in alternative energy sources such as wind-powered generation. This will improve the country's electricity situation and enable the production of cheap electricity. Moreover, the authors recommend that the production of electricity from cheap and alternative sources receive more attention to improve the infrastructure, economic growth, and sustainable development of Pakistan. 
